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HDFKLVRODWHZHUHFXOWXUHGRQEUDLQKHDUWLQIXVLRQ%+,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,VRODWHVIURPDOOFOLQLFDOFDVHVZHUHDVVLJQHGWRRQHRIILYHFOLQLFDOO\UHOHYDQWFODVVLILFDWLRQV129 
DFFRUGLQJWRWKHREVHUYHGHSLGHPLRORJLFDOSDWWHUQV,QGH[,3RWHQWLDO7UDQVPLVVLRQ(YHQW130 
37(3HUVLVWHQW36ROLWDU\6DQG8QFODVVLILHG8131 
7KHFDVHFODVVLILFDWLRQVZHUHGHILQHGDVIROORZV132 
,,QGH[FDVHPRUHWKDQRQHFOLQLFDOFDVHRIPDVWLWLVLQGLIIHUHQWFRZVLQWKHVDPHKHUG133 
GXULQJWKHVWXG\SHULRG7KHVHSDLUVRUPXOWLSOHFDVHVSRWHQWLDOO\RFFXUWKURXJKFRQWDJLRXV134 
FRZWRFRZWUDQVPLVVLRQUDWKHUWKDQIURPDQHQYLURQPHQWDOUHVHUYRLU7KHILUVWRFFXUUHQFH135 
RIRQHRIWKHVHVHTXHQFHW\SHVLQDKHUGZDVFODVVLILHGDVWKHµ,QGH[¶FDVHRIWKDWVHTXHQFH136 
W\SHLQWKDWKHUG137 
37(3RWHQWLDO7UDQVPLVVLRQ(YHQW)ROORZLQJDQLQGH[FDVHLQDKHUGHDFKVXEVHTXHQW138 
FOLQLFDOFDVHVFDXVHGE\WKDWVSHFLILFVHTXHQFHW\SHLQDQRWKHUFRZLQWKDWKHUGZDVFODVVLILHG139 
DVDµ3RWHQWLDO7UDQVPLVVLRQ(YHQW¶37(140 
33HUVLVWHQW8VLQJWKHHVWDEOLVKHGGHILQLWLRQGHVFULEHGSUHYLRXVO\:KHQWKHVDPH141 
VHTXHQFHW\SHZDVLGHQWLILHGRQWZRRUPRUHRFFDVLRQVIURPWKHVDPHPDPPDU\JODQG142 
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TXDUWHUDOOEXWWKHILUVWFDVHFDXVHGE\WKDWVHTXHQFHW\SHZHUHFODVVLILHGDVSHUVLVWHQW143 
LQIHFWLRQV88QFODVVLILHG&OLQLFDOFDVHVZKHUHWKHLGHQWLILHGVHTXHQFHW\SHZDVLVRODWHG144 
RQFHLQDSDUWLFXODUKHUGEXWZDVDOVRLGHQWLILHGDVD3HUVLVWHQW,QGH[RU37(LQDQRWKHU145 
KHUG66ROLWDU\6HTXHQFHW\SHVRFFXUUHGLQRQO\RQHFOLQLFDOFDVHWKURXJKRXWWKHVWXG\146 
SHULRG147 
5HVXOWV148 
,QWRWDOLVRODWHVZHUHVXFFHVVIXOO\UHFRYHUHGIURPWKHVWRUHGS. uberis149 
VDPSOHV2IWKHVHLVRODWHVZHUHVXFFHVVIXOO\VHTXHQFHGJHQHUDWLQJFRPSOHWH0/67150 
SURILOHVDWDOOVHYHQORFLUHSUHVHQWLQJRIWKHUHFRYHUHGVDPSOHV$IXUWKHULVRODWHV151 
JHQHUDWHGSDUWLDOSURILOHVZLWKVHTXHQFHGORFL1RORFLFRXOGEHVHTXHQFHGLQWKH152 
UHPDLQLQJLVRODWHV7KHIUHTXHQF\RIORFXVDEVHQFHLVSUHVHQWHGLQ7DEOH153 
&RPSOHWH0/67VHTXHQFHSURILOHVZHUHREWDLQHGIURPEDFWHULDOLVRODWHVFXOWXUHGIURP154 
FOLQLFDOPDVWLWLVVDPSOHVFROOHFWHGIURPFRZV2IWKHVHFRZVH[SHULHQFHGD155 
VLQJOHFDVHRIS. uberis PDVWLWLVFRZVH[SHULHQFHGWZRFDVHVDQGFRZV156 
H[SHULHQFHGRUFOLQLFDOS. uberisPDVWLWLVFDVHV157 
0/67GLYHUVLW\DQGGLVWULEXWLRQ158 
2QHKXQGUHGDQGQLQHW\ILYHXQLTXH6HTXHQFH7\SHV67VZHUHLGHQWLILHGIURPFOLQLFDO159 
FDVHVRIPDVWLWLV7KHPHDQQXPEHURIVHTXHQFHW\SHV67VLGHQWLILHGSHUIDUPZDVDQG160 
PHGLDQ67VWKHUDQJHH[WHQGLQJIURP]HURWRWZHQW\67VSHUKHUG)LJXUH7KHPDMRULW\161 
RI67VRIZHUHLGHQWLILHGLQRQO\DVLQJOHKHUGHDFK7KHPDMRULW\RIRI162 
WKHVHVLQJOHIDUP67VFDXVHGRQHLGHQWLILHGFOLQLFDOFDVHLQWKHKHUGLQZKLFKWKH\ZHUH163 
IRXQG2IWKHUHPDLQLQJ67V67VZHUHLGHQWLILHGLQKHUGV67VZHUHLGHQWLILHGLQ164 
KHUGVZKLOH67VZHUHLGHQWLILHGLQLVRODWHVIURPWRRIWKHKHUGV165 
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&OXVWHUDQDO\VLVZDVSHUIRUPHGXVLQJSXE0/67ZHEWRROVZZZSXE0/67RUJWRHVWDEOLVK166 
FORQDOFRPSOH[VWUXFWXUHDQGDOORZFRPSDULVRQZLWKWKHZLGHUSXE0/67S. uberisGDWDEDVH167 
6HTXHQFHW\SHVIURPWKUHHFORQDOFRPSOH[HVZHUHLGHQWLILHG&ORQDOFRPSOH[ILYH&&168 
IRUPHGWKHODUJHVWJURXSDFFRXQWLQJIRURIDOOVHTXHQFHW\SHVDQGRIFOLQLFDO169 
FDVHV&ORQDOFRPSOH[HVDQGDFFRXQWHGIRUDQGRIVHTXHQFHW\SHVDQG170 
DQGRIFOLQLFDOFDVHVUHVSHFWLYHO\ZKLOVWWKHUHPDLQLQJRIVHTXHQFHW\SHV171 
ZHUHVLQJOHWRQV172 
,VRODWHVIURPDOOFOLQLFDOFDVHVZHUHDVVLJQHGWRRQHRIILYHFOLQLFDOO\UHOHYDQWFODVVLILFDWLRQV173 
DFFRUGLQJWRWKHREVHUYHGHSLGHPLRORJLFDOSDWWHUQV,QGH[,3RWHQWLDO7UDQVPLVVLRQ(YHQW174 
37(3HUVLVWHQW36ROLWDU\6DQG8QFODVVLILHG87DEOH7KHµ6ROLWDU\¶67V175 
DFFRXQWHGIRURIWKHVXEVSHFLHVGLYHUVLW\ZLWKLQWKHGDWDVHWDQGZHUHLGHQWLILHGLQ176 
RIWKHVWXG\KHUGVµ6ROLWDU\¶67¶VKRZHYHURQO\DFFRXQWHGIRURIWKHFOLQLFDOPDVWLWLV177 
FDVHV7KHPDMRULW\RIRIWKHVHTXHQFHGLVRODWHVLQWKLVGDWDVHWZHUH178 
DWWULEXWHGWRRQHRI67VDOORIZKLFKFDXVHG37(FDVHVLQDWOHDVWRQHKHUG7DEOH179 
:LWKLQWKLVJURXSRILVRODWHVRILVRODWHVRFFXUUHGLQSDLUVRUPXOWLSOHVZLWKLQ180 
DVLQJOHKHUGRULQPXOWLSOHKHUGV:LWKLQHDFKKHUGWKHHDUOLHVWFOLQLFDOFDVHRIDJLYHQ37(181 
FDXVLQJ67ZDVDVVLJQHGDVWKHµ,QGH[¶FDVHZLWKDOOVXEVHTXHQWLVRODWHVRIWKDW67FODVVLILHG182 
DV37(FDVHV,IPXOWLSOHLVRODWHVRIWKHVDPH67ZHUHLGHQWLILHGIURPWKHVDPHJODQGWKH183 
VHFRQGDQGVXEVHTXHQWFDVHVZHUHFODVVLILHGDVµ3HUVLVWHQW¶FDVHVHPDQDWLQJIURPWKHHDUOLHVW184 
LQIHFWLRQRIWKDWJODQG7KHUHPDLQLQJLVRODWHVDWWULEXWHGWRWKHVH67VZHUHLGHQWLILHGDV185 
VLQJOHFDVHVLQDGGLWLRQDOKHUGV7KHVHFDVHVIRUPHGSDUWRIWKHµ8QFODVVLILHG¶JURXSDORQJ186 
ZLWKDOOLVRODWHVIURP67VZKLFKZHUHLGHQWLILHGLQPRUHWKDQRQHKHUGEXWRQO\RQFHSHU187 
KHUG37(FOLQLFDOFDVHVZHUHLGHQWLILHGLQRIKHUGV,QKHUGV188 
,QGH[37(3HUVLVWHQWFOLQLFDOFDVHVDFFRXQWHGIRUPRUHWKDQRIWKHFOLQLFDOFDVHV189 
LOOXVWUDWHGLQ)LJXUHOLVWHGLQGHVFHQGLQJRUGHURIS. uberisFOLQLFDOFDVHIUHTXHQF\RQH190 
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RXWOLHUIDUP)DUPDWH[WUHPHULJKWRI)LJXUHZLWKYHU\KLJKPDVWLWLVSUHYDOHQFHLV191 
GLVFXVVHGLQPRUHGHWDLOODWHU7KHPHDQQXPEHURI37(PDVWLWLVFDVHVIROORZLQJDQ,QGH[192 
FDVHZDVZLWKDUDQJHIURPWRFOLQLFDOFDVHV7KHUHZHUHQRVLJQLILFDQWFRUUHODWLRQ193 
EHWZHHQWKHSURSRUWLRQRIWKHLVRODWHVFODVVLILHGDV,QGH[37(RU3HUVLVWHQWDQGKHUGVL]H194 
WRWDOKHUGPDVWLWLVSUHYDOHQFH+HUG6&&+LJK/RZFDWHJRU\SDLUVKRXVLQJYVJUD]LQJ195 
EHGGLQJUHSRUWHGSDUORXUURXWLQHRUSUHYDOHQFHRIS. uberis PDVWLWLVZLWKLQDKHUG196 
2XWRIDOOVHTXHQFHW\SHVQLQHZHUHVLJQLILFDQWO\RYHUUHSUHVHQWHGFDXVLQJWHQRUPRUH197 
FOLQLFDOFDVHVDFURVVDOOKHUGVS )LVKHU¶VH[DFW&KLVTXDUHGWHVW7KHVHQLQH198 
RYHUUHSUHVHQWHG295VHTXHQFHW\SHVFDXVHGRIDOOWKHFOLQLFDOPDVWLWLVFDVHV(LJKW199 
RIWKHQLQH295VHTXHQFHW\SHVZHUHIRXQGLQPXOWLSOHKHUGV(LJKWRIWKHQLQHVHTXHQFH200 
W\SHVZHUHDOVRLGHQWLILHGLQSHUVLVWHQWLQIHFWLRQV7DEOH201 
7ZHQW\VHYHQSHUVLVWHQWLQIHFWLRQVZHUHLGHQWLILHG7DEOH7KH37(VHTXHQFHW\SHVZHUH202 
VLJQLILFDQWO\PRUHOLNHO\WREHFODVVLILHGDVDµ3HUVLVWHQW¶FDVHDFFRXQWLQJIRURI203 
WKH3FDVHV7DEOH:LWKLQWKH37(VHTXHQFHW\SHVWKH295VHTXHQFHW\SHVVXEJURXS204 
PDVWLWLVFDVHVZHUHDOVRVLJQLILFDQWO\PRUHOLNHO\WREHFODVVLILHGDV3HUVLVWHQWDFFRXQWLQJIRU205 
RIDOOWKHLGHQWLILHGSHUVLVWHQWLQIHFWLRQVLQWKHVWXG\206 
207 
H%8567DQDO\VLVRI0/67JURXSLQJV208 
$VPDOOQXPEHURIVHTXHQFHW\SHVRIFRPPRQOLQHDJHZHUHLGHQWLILHGWKDWFDXVHG209 
DSSUR[LPDWHO\RIFOLQLFDOPDVWLWLVFDVHVDWWULEXWDEOHWRS. uberis 7DEOH3K\ORJHQHWLF210 
DQDO\VLV)LJXUHLOOXVWUDWHVWKHUHODWLYHVLPLODULW\RIHLJKWRIWKHQLQH295VHTXHQFHW\SHV211 
6767676767676767DQG67VHSDUDWHOLQHDJH212 
:LWKWKHH[FHSWLRQRI67WKHRWKHURYHUUHSUHVHQWHGVHTXHQFHW\SHVIRUPSDUWRIWKH213 
*OREDO&ORQDO&RPSOH[SUHYLRXVO\GHILQHGDV*&&7KHµ7UXH6LQJOHWRQ¶VHTXHQFH214 
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W\SHVYDULHGE\PRUHWKDQDOOHOHVERWKIURPWKHPDLQJURXSDQGIURPHDFKRWKHUOHDGLQJWR215 
WKHPDMRULW\UHPDLQLQJXQJURXSHG,QWKLVVWXG\67LVGHILQHGDVWKHµIRXQGHU¶DQGIRXURI216 
WKH295VHTXHQFHW\SHVDUHVLQJOHORFXVYDULDQWVDQGWZRGRXEOHORFXVYDULDQWVVHH7DEOH217 
67LVWKHILIWKPRVWFRPPRQO\LVRODWHG67DQGWKHRQO\RYHUUHSUHVHQWHG67IRXQGWREHLQ218 
DVHSDUDWHOLQHDJH219 
'LVFXVVLRQ220 
S. uberisKDVEHHQFODVVLILHGDVDQRSSRUWXQLVWLFµHQYLURQPHQWDO¶SDWKRJHQVLQFHWKHHDUO\221 
VIROORZLQJLWVLGHQWLILFDWLRQLQVWUDZEHGGLQJDQGDVDFRPPHQVDORUJDQLVPRQVNLQDQG222 
LQIDHFHVDVZHOODVLQIHFWHGERYLQHPDPPDU\JODQGV7KLVLVLQFRQWUDVWWRWKHPRUH223 
SUHYDOHQWREOLJDWHSDWKRJHQVRIWKDWHUDSULQFLSDOO\S. agalactiaeZKLFKDSSHDUHGWRUHVLGH224 
SULQFLSDOO\RUH[FOXVLYHO\LQWKHPDPPDU\JODQGZKLFKZHUHLQWXUQFODVVLILHGDV225 
µFRQWDJLRXV¶SDWKRJHQV7KLVEURDGFODVVLILFDWLRQLVOLNHO\WREHDQRYHUVLPSOLILFDWLRQRIWKH226 
HSLGHPLRORJ\6HYHUDOVWXGLHVLQYHVWLJDWLQJS. uberis PDVWLWLVKDYHLGHQWLILHG227 
WHPSRUDOSDWWHUQVRIFOLQLFDOPDVWLWLVZKLFKDUHVXJJHVWLYHRIFRQWDJLRXVWUDQVPLVVLRQ228 
RFFXUULQJDVRXWEUHDNVLQLQGLYLGXDOKHUGV7KHUHDUHDOVRVHYHUDOSXEOLVKHGVWXGLHVXVLQJ229 
0/67RQDUHODWLYHO\VPDOOQXPEHUVRIVDPSOHVFROOHFWHGIURPDVPDOOQXPEHURIKHUGV230 
ZKLFKKDYHGHPRQVWUDWHGDZLGHYDULHW\RIVHTXHQFHW\SHVLQGLFDWLQJWKDWLQIHFWLRQVZHUH231 
OLNHO\WRKDYHEHHQDFTXLUHGIURPDGLYHUVHHQYLURQPHQWDOSRSXODWLRQ6WXGLHVKDYH232 
DOVRVKRZQWKDWRQHSDWKRJHQLFVHTXHQFHW\SHFDQSUHGRPLQDWHLQDKHUG7KHVDPH233 
67V67DQGSUHYLRXVO\LGHQWLILHGDVSUHGRPLQDQWLQGLIIHUHQWKHUGVKDYHDOVREHHQ234 
LGHQWLILHGDVRYHUUHSUHVHQWHG29567¶VLQWKLVVWXG\7KHSUHYDOHQFHRI67¶VLQPDVWLWLV235 
VDPSOHVFRPSDUHGWRHQYLURQPHQWDOVDPSOHVKDVEHHQVKRZQWREHVLJQLILFDQWO\GLIIHUHQW236 
LQGLFDWLQJHLWKHUDYDULDEOHILWQHVVWRFRORQLVHEHWZHHQ67¶VLQWKHHQYLURQPHQWH[LVWVRU237 
VRPHGHJUHHRIFRZWRFRZWUDQVPLVVLRQRFFXUV*LYHQWKHVHTXHQFHW\SHGLYHUVLW\238 
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FDWDORJXHGLQWKHS. uberis0/67GDWDEDVHVHSDUDWHVHTXHQFHW\SHVWKHKHWHURJHQHLW\239 
RIHQYLURQPHQWDOSRSXODWLRQVDQGWKHOLPLWHGQXPEHURIFOLQLFDOFDVHVSHUKHUGGXULQJ240 
WKHVWXG\SHULRGLWZRXOGVHHPLPSODXVLEOHWKDWPXOWLSOHFRZVLQWKHVDPHKHUGZRXOG241 
EHFRPHLQIHFWHGZLWKWKHVDPHVHTXHQFHW\SHLIWKHUHZHUHQRDGGLWLRQDOILWQHVVRUFRQWDJLRXV242 
SKHQRW\SLFDWWULEXWHVVSHFLILFWRWKHVHKLJKO\SUHYDOHQWVWUDLQV7KHSRWHQWLDOIRUFRQWDJLRXV243 
WUDQVPLVVLRQKDVDOVREHHQGHVFULEHGE\VHYHUDOVWXGLHVZKLFKGHPRQVWUDWHGWHPSRUDO244 
SDWWHUQVDQGKHUGOHYHOPDVWLWLVWUHDWPHQWDQGFRQWUROSURWRFROVZKLFKVXSSRUW245 
WKHFRQWDJLRXVWUDQVPLVVLRQK\SRWKHVLV246 
$QDO\VLVRIWKHUHODWLYHSUHYDOHQFHRIVHTXHQFHW\SHVDFURVVDOOKHUGVLGHQWLILHGQLQHVWUDLQV247 
ZKLFKZHUHVLJQLILFDQWO\PRUHSUHYDOHQW295VHTXHQFHW\SHVWKDQZRXOGEHH[SHFWHGLI248 
RSSRUWXQLVWLFLQIHFWLRQIURPWKHHQYLURQPHQWZDVWKHPDLQWUDQVPLVVLRQURXWH7KHQLQHRYHU249 
UHSUHVHQWHG67VDFFRXQWHGIRURQO\RIWKH67LGHQWLILHGLQWKHVWXG\+RZHYHUWKHVH250 
67VZHUHGLDJQRVHGLQRIVHTXHQFHGS. uberisFOLQLFDOPDVWLWLVFDVHVDQGRI251 
SHUVLVWHQWPDVWLWLVLQIHFWLRQV:KLOVWWKHDXWKRUVUHFRJQLVHWKHSRVVLELOLW\WKDWWKHGLVWULEXWLRQ252 
RIPDVWLWLVSUHYDOHQFHUHIOHFWVDQXQGHUO\LQJGLVWULEXWLRQZLWKLQWKHS. uberisSRSXODWLRQLQ253 
WKHIDUPHQYLURQPHQWWKLVZRXOGVHHPXQOLNHO\JLYHQWKHPDVWLWLVDQGHQYLURQPHQW254 
SRSXODWLRQVKDYHSUHYLRXVO\EHHQVKRZQWREHVLJQLILFDQWO\GLIIHUHQW255 
2IWKHKHUGVVWXGLHGKDGDWOHDVWRQHSDLURIPDVWLWLVFDVHVLQGLIIHUHQWFRZVFDXVHG256 
E\WKHVDPHVHTXHQFHW\SH:KLOVWQRWFRQFOXVLYHWKLVUHVXOWVXJJHVWVWKDWHLWKHUFRQWDJLRXV257 
WUDQVPLVVLRQRUHQKDQFHGLQIHFWLYLW\DPRQJVWWKHHQYLURQPHQWDOSRSXODWLRQPD\EHPRUH258 
FRPPRQDQGPRUHLPSRUWDQWWKDQSUHYLRXVO\WKRXJKW3DWKRJHQVZKLFKDFTXLUHYLUXOHQFH259 
JHQHVIRULQWUDPDPPDU\LQIHFWLRQPD\UHVLGHLQWKHHQYLURQPHQWDQGFDXVHQHZLQIHFWLRQVDV260 
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Figure 1. Number of unique multi locus sequence types of clinical  S.  uberis isolates identified in different dairy herds. 
0
1
2
3
4
5
6
7
8
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Number  
of herds  
with (x) 
 number  
of MLST  
STs 
 
Number of STs identified per herd 
Figure 2. Mastitis clinical cases by classification groups for each farm were  
S. uberis mastitis cases were identified with complete MLST profiles in descending number of total identified isolates. 
(Farm 27 at extreme left) 
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Figure 3.  eBURST 9SRSXODWLRQSORWRI67¶VLGHQWLILHGLQWKLVVWXG\WKHQRGHVL]HSURSRUWLRQDWHWRWKH
number of clinical mastitis isolates attributed to that sequence type. 
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Footnote: 
 (I) Index case; more than one clinical case of mastitis in different cows in the same herd 
during the study period. These pairs or multiple cases potentially occur through contagious 
(cow to cow) transmission rather than from an environmental reservoir. The first occurrence 
of one of these sequence types in a herd was classified as the ‘Index’ case of that sequence 
type in that herd. 
(PTE) Potential Transmission Event; Following an index case in a herd each subsequent 
clinical cases caused by that specific sequence type in another cow in that herd was classified 
as a ‘Potential Transmission Event’(PTE). 
(P) Persistent; When the same sequence type was identified on two or more occasions from 
the same mammary gland quarter all but the first case caused by that sequence type were  
classified as persistent infections. 
(U) Unclassified; Clinical cases where the identified sequence type was isolated once in a 
particular herd but was also identified (as a Persistent, Index or PTE) in another herd. 
(S) Solitary; Sequence types occurred in only one clinical case throughout the study period. 
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